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ABSTRACT 


This experiment investigated the effect of motivation 
on sinus arrhythmia, heart beat, and information processing 
rate. The two way analyses of variance which were performed 
showed that motivation affected sinus arrhythmia and infor- 
mation processing rate and did not affect heart beat. A 
system was developed to classify the general patterns that 
resulted in the measure of sinus arrhythmia as information 
processing levels increased. This classification system 
may have eventual use in predicting a student's academic 


achievement. 
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i.) PRODUCTION 


Learning institutions are concerned with an individual's 
mental ability, information processing rate and motivation. 
fiiese factors are directly related to one's capacity to 
Ven and~his expectedeschokeastic performance. Many 
colleges and universities have traditionally relied on 
entrance exams and 1.Q. types of tests as a criterion for 
acceptance of a student. However, these measures have been 
considered by some authorities to be biased due to environ- 
mental effects and not necessarily indicative of one's inate 
abilities. It is interesting to consider ae Oe endl ey 
emer certain physiological funetions of the body may be 
directly related to one's mental ability, information pro- 
cessing rate, and/or motivation. For example, what effect 
does mental ability and an increase in the information pro- 
cessing level have on heart beat and heart beat rate 
variations? If a link could be found, it would have con- 
Siderable impact in universities and business alike. 

Normally, there is a variance of heart beat and heart 
beat rate within individuals. For instance, the heart beat 
rate tends to increase when one inhales and decreases when 
eme exhales. The magnitude of this rate change differs wivh 
each person, and shifts of ten to fifteen beats per minute 
are not uncommon. This change in heart beat rate as a 


function of normal breathing is known as sinus arrhythmia. 


There are many other types of arrhythmia, some of which 
reflect undesirable abnormalities in the heart. For the 
purpose of this paper, however, only sinus arrhythmia in 
mormal, youthfiud hearts WigiMiibe we OnSaGde wed - 

This experiment extends the work of Kalsbeek (1968) and 
Bonsper (1970). Kalsbeek examined the effect of increasing 
the number of binary choices per minute on sinus arrhythmia 
and Bonsper investigated the effect of increasing the amount 
of information to be processed. This experiment will survey 
the effect of increasing the amount of information to be 
processed on sinus arrhythmia in motivated and unmotivated 
groups. Also sinus arrhythmia changes will be correlated 
with past academic performance. 

This experiment used four different levels of the amount 
Om information to be processed. The first level was the 
resting state in which no information was presented. The 
remaining levels required processing one, two and three 
Beees respectively. The one bit conforms to information 
theory (Bell, 1953), i.e., the choice between two equally 
likely alternatives. The two and three bit decisions were 
determined by taking log to the base 2 of the number of 
equally likely alternatives (Poock, 1967). 

The measure of sinus arrhythmia was consistent with 
that of Bonsper. The number of R waves was counted during 
a specific time interval and the mean heart beat was drawn 
on the electrocardiogram rate curve. The area on either 


side of this line was the sinus arrhythmia. This method 





‘differed from Kalsbeek who determined irregularity bywcount— 
ing the frequency the electrocardiogram rate differed from 
the mean rate by specified values. 

In addition, a new method for classification of indi- 
viduals based on the changes of their sinus arrhythmia as a 
function of the amount of information being processed has 
been developed. This classification takes into consider- 
ation the fact that while no two subjects will respond in 
an exact manner, certain patterns are prevalent. Indi- 
viduals with similar patterns will be grouped for comparison 


purposes. 
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A. APPARATUS 

A Beckman type RM Dynograph Recorder was used to monitor 
uhe electrocardiogram rate and heart beat. Both the electro- 
cardiogram rate and heart beat were recorded simultaneously 
on Recording Charts Graph Paper. A cardiotachometer coupler 
Teomitilized to caleulate the electrocardiogram rate. The 
time increment between successive R waves was measured by 
Mees cardiotachmeter and instantaneous heart beat rate was 
woe calculated. A continuous plot of this rate was recorded 
@umeene graph paper. The recorder was calibrated so that 
there was 30 millimeters between the 60 and 120 beats per 
minute witha chart speed of five millimeters per second. 
Three Beckman electrodes were positioned on the subjects 
(Ss) chest in order to obtain the readings. 

A visual test similar to that of Poock (1967) was used 
TO present the one, two and three bit information levels. 
Numbers were lighted for presentation on a 3" by 4" trans- 
mimiminated screen. The Ss responded to the numbers by 
pushing colored buttons that corresponded to the number 
presented. These buttons were located on a panel directly 
below the screen. The numbers 3 and 4 were used as the 
equally likely alternatives for the one bit decision; 3, 4, 
beeend 6 were uSed for the two bit decision: end ct accouem 


8 were used for the three bit decision. A probability 





randomizer was employed in order to display the numbers in a 
completely random manner. This was accomplished oy sere27an— 
ming a random sequence of numbers into the machine and by 
designating a sipebelanite 9 of .55 that the number would 
mepear during its turn in the program sequence. “The @sasc 
rate at which choices were possible was one per second, 
however, this varied slightly depending on whether the num- 
aeeoemcared. Ss used the index finger of each hand Uemerwecc 
the buttons for all three information levels of the experi- 
Meme. Also, the cumulative time between when the signal 
appeared and when the subject responded was maintained to 

mi nearestwone hundredtheef a second. The sss wore earphones 
connected to a white noise generator in order to mask back- 


ground noises. 


B. TEST SITE AND SUBJECTS 

The experiment Meta icondee ced in the Human Engineering 
and Man-Machine Systems Laboratory of Naval Postgraduate 
echool. Ss were seated in a chair facing the transillum- 
inated screen and the response panel. The experimenter (E) 
stood in front of the RM Dynograph Recorder which was 
adjacent to the screen and response panel. 

There were a total of 5/ subjects that were all male 
eiticer students at the Naval Postgraduate School. Of the 
57 Ss there was a total of 31 Navy, 18 Army, 1 USMC, and 
{ Foreign. The ages of the Ss ranged between 25 and 36 


years, with the mean 29 years old. 


ne 








C. PROCEDURE 

The Ss were first given a questionnaire [oO comple v yam 
order to obtain background data. After completing this form, 
Mae SS stripped to the wetst and the & affixed vhe <mec oc. 
fimehe os chest. The S was then seated and given aise 
mons concerning the experiment. The first 30 SS were 
considered the unmotivated group. It was explained the 
experiment would consist of four parts. Part one was a five 
Ibeitvesrest period which would allow the S's heart to reaeh 
eystveady state rest condition. Parts two, three and four 
involved a two minute presentation of the one, two, and 
three bit tasks, with a one and one half minute rest period 
between tasks. The position of the numerals on the trans- 
immminazed screen was shown to the Ss along with the one 
oo One correspondence between the buttons on the response 
memel and the numerals. The Ss were directed to use only 
the index finger of each hand and to respond to each lighted 
number as rapidly as possible. Earphones connected to a 
Pimeee NO1Sse generator were given to the Ss for adjustment. 
iia F Subsequently regulated the dynograph while the Ss 
were resting in order to obtain an accurate electrocardio- 
Beep. The — gave the Ss a2 10 second warning prior to the 
beginning of parts two, three and four. Also, the actual 
memoer of decisions Made in each part and corresponding 
cumulative response time were recorded by E. At the conclu- 
son Of Une experiment the H discussed the punpesesarnd 


Objectives of the exveriment. 


an 





The remaining 2/ Ss were désienated the mot, area aie. 
This portion of the experiment was conducted in an ident- 
ical manner as for the unmotivated group. In addition, 
there were monetary rewards offered to this group for 
exceptionally rapid response time. Ten dollars was the 
reward for the fastest reaction time; five dollars and 
three dollars were for the second and third fastest reaction 


times. 


Pee REDUCTION OF DATA 

Ae one conclusion of Experimentation the folowing ware 
had been Bo esac 57 electrocardiogram rate traces, 5/7 
response times for the one, two and three bit levels, and 
imemmumber Of decisions made by each S at the different 
merormation levels. in addition, information concerning 
undergraduate scholastic performance and graduate scholastic 
performance to date was obtained from the Registrar, Naval 
Besteraduate School for 56 of the 57 Ss. 

The mean heart beat rate for each of the four parts was 
computed by counting the number of R waves during he last 
minute of the rest period and the final minute of each of 
the information presentation parts. These particular 
minutes were selected for analysis because it was felt they 
were representative of the steady state heart beat and heart 
beat rate for the four parts of the experiment. In other 
pemeds, Une os Neale Mad suimic1eny vime so reach the Ppatvenn 


Maat retlecved the effeco Of intormavron procesosme. 


Ake 
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The mean heart beat rate was used as the base line for 
computation of the sinus arrhythmia. The measure of sinus 
arrhythmia was calculated in the manner outlined by Bongper 
(1970) (see Figure 1) with the exception that each square 
fmelrmeper Of area bDetween tac base jane and Neary sh oaee see 
Was Summed to obtain a numerical estimate of the sinus 
maeraychmia. Periods for measurement of sinus arrhythmia 
corresponded to the measured heart beat periods. 

ext, Une si ntonrmapion processing Trace Tor each meumemsas 
was computed. The average time to process each decision was 
obtained by dividing the cumulative reaction time by the 
mumber of decisions. For example, if it took 35 seconds to 
perform /0 one bit decisions, the rate was two decisions per 
second. A regression was then performed in order to obtain 
the slope of the line through the points which were plotted 
with the average reaction time as the ordinate and number of 
information bits as the abscissa. The slope of the line 
was regarded as an individual's overall information proces- 


pene rate. 





1 minute, 72 BPM = # of R waves 





ee BP 


~N 
oN me GN ik 


Wy NS LY 


BElectrocardiogram 
Rate 


64 BPM 


Figure 1. Shaded Area Represents Measure of Sinus Arrhythmia. 
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TIi« SPATISTIC AMES TS ANDRES WES 


A variety of statistical tests was performed on the 
data. The first test was a two way analysis of variance 
(ANOVA) design which compared the sinus arrhythmia measure- 
ment between the motivated and unmotivated groups in each 
imetormation level (see Table I). The results indicated thas 
there was a difference between groups at p= .05 anda dif- 
ference in information levels at p=.001. A Duncan Multiple 
Range Test (see Table II) compared the mean sinus arrhythmia 
measurement of the groups and the information levels. The 
motivated group had a higher sinus arrhythmia measurement 
at p= .05 as expected from the analysis of variance results. 
The rest measurement was statistically different from the 
Seaer information processing levels at p= .001 and there was 
no difference between the sinus arrhythmia measures for l, 
epond 3 bit processing levels. 

A two way ANOVA (see Table III) was also used to compare 
heart beat between groups and between information levels. 
The results were not statistically significant. However, 
mean heart beat was higher in the motivated group than the 
unmotivated group. Heart beat was almost identical within 
each group for the one, two and three bit tasks and repre- 
sented an average increase of five beats per minute over 


The rest level. 


AU5 





TABLE I 


ANALYSIS OF VARIANCE ON SINUS ARRHYTHMIA 
FOR MOTIVATED AND UNMOTIVATED GROUPS 


Source 


Between Groups 


Between Information 
Emecessing Levels 


Interaction Between 
Groups and Infor- 
mation Processing 
Levels 


df 


Le 


Ud 


Ae 


Ss F Dp 
38801.20 4.37 705 
11/6650. 79 29.2 A Ook 
47753.06 1Si0) £25 
1840553.00 
2703958.05 
Mela) 10 if 


RESULTS OF DUNCAN MULTIPLE RANGE 
TE Se ONe So ENUS ARR airs 


Error 
ABOVE SIE, 

Group Reo 
Motivated 356.0 
Pamotivated 278.0 
Composit eye. 


di 


a 


a 


ul 


i ae Faas aeAe 3 Bie Mean 
Oi. 1 Loa i POH 22 7 a 
85.9 17 ei 163.2 PAO 5 
CTs 7 IAS ey lee 21 3 


The mean of motivated and unmotivated groups are statis- 
fMrealily different at p= .05. 


The rest measurement was statistically different from the l, 


ee and 3 Bit means at p 


OO1. 





TABLES Lt 


ANALYSIS OF VARIANCE ON HEART BEAT FOR 
MOTIVATED AND UNMOTIVATED GROUPS 


Soumree Gat Ss F p 
Between Groups th BIS Hee 1.95 se 5 
Between Information 3 960.26 ne oy 225 


Processing Levels 
Interaction Between 3 8.49 .093 ns 
Groups and Infor- 
mation Processing 
Levels 
Error 208 35729.68 


TOTAL ZS BO 3095 


Likewise, a two way ANOVA (see Table IV) was used to 
compare the information processing rate at the one, two, and 
three bit levels between motivated and unmotivated groups. 
The results indicated there was a difference between groups 
at p= .05 and between information processing levels at 
p= .001. A Duncan Multiple Range Test (see Table V) con- 
firmed that the mean information processing rate was higher 
in the motivated group than in the unmotivated group at 
fem ,05. 

A linear correlation analysis was performed between Ss' 
previous undergraduate scholastic performance and the fol- 
lowing: mean sinus arrhythmia, mean heart beat, information 
processing rate, difference between sinus arrhythmia 


measured during rest and that measured during the three bit 


ne 





information level, and the percent difference observed 
between the rest and three bit levels. A correlation 
analysis was also performed between the Ss' current scholas- 
tic performance at the Naval Postgraduate School and the 
above factors. Additionally, for those students that had 
taken the Graduate Records Exam (GRE) Aptitude Test, the 
correlation was checked between the GRE quantitative score 
and the above factors (see Table VI). None of the corre- 
ioiems Showed a strong statistical link. 

Figure 2 shows the results of the experiment in 


graphical form. 





PAB Ey 


ANALYSIS OF VARIANCE ON INFORMATION PROCESSING 
RATE FOR MOTIVATED AND UNMOTIVATED GROUPS 


Source 


Between Groups 


Between Information 
Processing Levels 


Interaction Between 
Groups and Infor- 
mation Processing 
Levels 


af Ss F D 
1 67 eal OS 
2 a0. 66 561 001 
2 704 SS; ns 
156 22.32 
16% 183209 
TABLE V 


RESULTS OF DUNCAN MULTIPLE RANGE TEST 
ON INFORMATION PROCESSING 


Eeror 
JUS 
Group 1 eenlgy 
Motivated 1.84 
Unmotivated er as 
Composit 1.79 


3.31 Be 3.15. 
BaD 4.45 Bee 
3. 2k 22 3.08 


The mean results for the groups were statistically 


different at p = .05. 


The 1, 2, and 3 Bit levels were statistically different 
from each other at p= .001. 
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Dependent 
Variable 


Undergraduate 
QPR* 


Undergraduate 
QPR* 


Undergraduate 
SE R* 


Undergraduate 
QPR* 


NPS 
QPR** 


NPS 


NPS 


NPS 


GRE 
Qualitative 
Score **% 


GRE 
Qualitative 
Score *** 


GRE 
Qualitative 
Score*** 


GRE 
Qualitative 
Score **% 


GRE 
Qualitative 
Score*** 


Sample Size 55 
**Samole Size 56 


TABLE VI 


RESULTS OF LINEAR CORRELATION 


Independent 
Variable 


Mean Arrhythmia 


Information Process- 
ing Rate 
Arrhythmia Differ- 


ence Between Rest 
and Three Bit Level 


Three Bit Level 
Arrhythmia % of 
Rest Arrhythmia 


Mean Arrhythmia 


Information Pro- 
cessing Rate 


Arrhythmia Differ- 
ence Between Rest 
and Three Bit Level 


Three Bit Level 
Arrhythmia % of 
Rest Arrhythmia 


Mean Arrhythmia 


Imtormea tion 
Processing Rate 


Arrhythmia Difference 


Between Rest and 
Three Bit Level 


Three Bit Level 
Arrhythmia % of 
Rest Arrhythmia 


NPS QPR 


tt Sample Size 17 


20 


Linear 
Correlation 
Coefficient (N) 


-.203 
~.081 


—-.222 


Be dl. 


. O46 


-175 


-.083 


-O1L0 


(O82 


OT 


004 


-~.190 


247 


25 


NS 


en 


NS 


NS 


wD 


NS 


NS 


NS 


NS 


NS 


NS 


NS 





300 


Sinus MOTIVATED 
Arrhyth- 
(sq milli- 
meters) 
UNMOTIVATED 
100 
ib 2 


Information Processing Level (bits) 


MOTIVATED 
68 a 
beart 
Beat 
(BPM) 
80 UNMOTIVATED 
i Z 
Information Processing Level (bits) 
y 
Information 
Processing MOTIVATED -—_ [~——_» 
Rate 
(bits per 3 
second) io 
UNMOTIVATED 
L 


1 2 
Information Processing Level (bits) 


Figure 2. 


reat 


IV.  ChASsIPLRCATION Clouse Cis 


Due to the results of the correlation analysis, the 
measurement of each Ss’ sinus arrhythmia was carefully 
reviewed. While it was apparent that no two Ss were alike, 
there did exist similar patterns which the sinus arrhythmia 
measurement followed for the majority of the Ss. Therefore, 
epclassification system for Sinus arrhythmia patterns was 
developed. The patterns depicted in Figures 3 through 8 
are considered to be representative of the majority of the 
fee NOte that in each case the sinus arrhythmia measurement 
for the rest part of the experiment was greater in magnitude 
than the measurements taken during information processing. 
The remainder of the subjects (14.2%) were not considered 
to demonstrate a specific pattern, but rather the measured 
Pesponse was a random phenomena. 

Group 1 (see Figure 3) experienced a sharp drop (usual- 
ly around 60%) in their sinus arrhythmia measurement in going 
from the rest level to the one bit level. However, subse- 
quent information levels did not affect further sinus 
arrhythmia measurements. Apparently, these Ss had reached 
their base level at the one bit task and there was limited 
Spare mental capacity available for the more difficult 
levels. Groups 2 and 3 (see Figures 4 and 5) responded in 
a manner similar to group 1 with the exception they dropped 


to their base level on the two and three bit levels 


ayes 


GROUP 1 ROU SZ 


Sinus 
Arrhythmia 
(sq milli- 
meters ) 


IL 2 5 IL z 3 
Information Processing (bits) 


Figure 3. Figure 4. 


respectively. Group 4 responded to each information level 
iaea Uniform eee | manner (see Figure 6). Apparently, 
Mmm@ese OS allocated mental capacity in proportion to the 
difficulty of the task. Group 5 responded in an incremental 
manner in the one and two bit tasks and then demonstrated 

a sharp increase in sinus arrhythmia measurement for the 
three bit level (see Figure 7). Apparently, these Ss 

became bored with the experiment in the final phase and 
ceased to apply themselves. Group 6 underwent a sharp drop 
ma sinus arrhythmia in going from the rest level to the one 
bit level and then exhibited higher measurements for the 

two and three bit levels (see Figure 8). A possible explan- 
Be on is that these Ss reached their base level Tor the one 


bit task by rigorously applying themselves and, as the 


=> 


GROUP 3 GROUP 2 
Sinus 
Arrhythmia 
(sq milli- 
meters ) 


ce ee ons eae 


Figure 5. Figure 6. 


A 
GROUP 5 GROUP 6 
Sinus 
Arrhythmia 
(sq milli- 
meters ) 
AL 5 


Information Processing (bits) 


Figure 7. Figure 8. 
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experiment progressed, they allocated Mental wcapeci soc 
necessary or became bored. The author recognizes that the 
above classification scheme is a rough approximation which 
will only be validated with further experimentation. 

Table VII depicts the relative size of the various 


imeoups as well as information concerning the quality point 


faving; by group. 


TABLE VIL 


COMPARISON OF SINUS ARRHYTHMIA PATTERN 
GROUPS NPS SCHOLASTIC PERFORMANCE 


# of # of High Low Ave 

is Ss Total QPR QPR QPR 

il 8 Tere 20 -.53 1.39 

2 7 12.5 PSs ibs eye Qe es 

3 fl ee 22355 dee Sys ae 

MT 6 10) wis) .0 1. 35 Pee) 

5 10 17.9 Cie alge 9, Eee OhAL 

6 To 17.9 558) Alga, 2 wee 
No 

> 8 14.2 2.88 pele 2.18 

TOVAL 56% IGONO 310 -.59 1.99 


*Scholastic data not available on 1 S. 
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V. DISCUSSION 


The results of this experiment were consistent with 
results obtained by Bonsper and Kalsbeek, i.e., that sinus 
arrhythmia decreased as information processing increased, 
and that heart beat was not significantly affected by 
information processing. 

It was found that the motivated group had a lower sinus 
arrhythmia measurement at each level of the experiment. 
Also the motivated group's information processing rate and 
heart beat were slightly higher than the unmotivated groups 
at each level. A partial explanation for this observation 
may.be that the motivated group was probably trying harder. 

Two of the patterns observed were of particular inter- 
est; pattern numbers 1 and 4. The sinus arrhythmia measure- 
Meme, taken for the one bit task for Ss in group number 1 
was reduced significantly from the rest measurement. Addi- 
tional information tasks did not, however, cause any subse- 
Guent shifts. This group also had the lowest quality point 
rating. Perhaps this group was mentally taxed by the one 
bit presentation and did not have a reserve capacity to 
respond to a higher number of bits. The Ss in group 4 
responded in a uniform incremental fashion to the informa- 
tion presentation. That is, each sinus arrhythmia measure- 
ment decreased as information levels increased. The average 


Metity PpOInt rating for tnis froup was the hi 





all groups and over one pointe Higher Thanet ave 2 ote. 
eroup 1. An explanation for this group's higher pemtormane. 
may be that they responded with mental effort in proportion 
to the difficulty of the task presented. (It should also 
memmoilnted out that the student's current grade point used 
was that after two quarters study in an eight quarter pro- 
gram. A better validation of these patterns and higher 
@emrelations will be investigated when the student's grade 
points for their full masters program are available.) 

Demo resclicy Lhnesend® mov e€x1st any formulas. modelcee 
wees tunat can with certainty predict a student's or 
employee's performance. It appears from this experiment 
iene 1S a tink between sinus arrhythmia patterns and student 
@mality point ae A larger sample size and extended 
memo1es may refine this relationship. Ultimately, sinus 
arrhythmia may provide a physiological measure that will 
Compliment other measures and enhance selection processes 


in academic and business establishments. 


Zi 





APPENDIX A 


SUMMARY OF OBSERVED DATA FOR MOTIVATED GROUP 


Sinus Arrhythmia Heart Beat 
Subject | (§ ————— 
Rest 1 Bit 2 Bit 3 Bit Rest 1 Bit” 255i eoeere 
iL 362 126 P32 OT: LOO Tt Og 98 90 
2 GIG £35 1G) if 190 Loy Ory 99 99 
5 541 197 3 3 166 93 96 WGe 97 
y 456 1M ays Nike) 5) 92 89 87 87 
ce eg) 373 S15 as) le igs ( 78 84 
6 674 ayy 327 429 88 97 98 90 
ii 351 210 245 192 70 fies 76 74 
8 319 202 175 152 83 89 88 86 
Q 395 184 118 i25 ee 119 EAS 20 
IEG 330 228 144 143 66 fe 67 68 
i 285 ees 169 hale 88 (2 WS) {3 
We eae 66 67 96 84 88 91 89 
3 rey) dies 238 130 63 (ee 13 es 
14 426 20S ee 126 86 76 80 jes 
a5) COT 206 326 196 Sal 82 85 88 
16 348 216 137 15) 4 83 80 90 86 
li ee 297 Bei 212 83 89 88 87 
18 ews ids 203 lei 69 94 104 104 
19 515 8 154 Q94 133 98 105 1S JL 
Be ANG 91 Ide 104 90 96 99 97 
oat Se eA 147 eS 78 oll 88 87 
ec 655 329 eS) 3 128 88 96 OC 108 
23 480 27H 27 391 (es 168 76 (3 
oy 255 Sue ey lise) 84 92 90 86 
a5 378 206 229 223 82 90 84 82 
26 197 1619) 23 89 sas: 96 88 84 
od 228 OS 114 85 WS 7T9 82 80 








Information 


Processing Rate ocholasti cern 


Subject SE 
Saha Zs ae 8) Jenue Undergrad NPS 

a 1.96 3.74 3.99 eof tg fd. 
2 a Parfe) 3.49 3.99 Pay ee al 
8 93 Bie oe 4.21 eats: Oa 
4 Ws Bee a0 5 We Bye alee él 
5 1.93 3.34 4.14 2.02 SiS) 
6 oS Bic Sie 4.71 2.09 ARAL 
7 2.00 4.27 4,19 64 Ba 10 
8 5 2206 4.19 ila site) 5.00 
fe) 1.90 Cally Bip ele iLvewt ule eye 
Le i oe ao Se) pe 2k Bayes 
Tah 15 exe Bap 4.53 2 (as 6.00 
12 le? 6 3.24 Sr ltl Ibs teh, 2 ie 
ins e635 220 3.26 6 1 1S (ene 
14 05 Sa 4,16 1 Gils 1 9 
ans 2 (OV 3242 4.79 ees A 2 
16 Ltée Bo aye 4,40 1.69 2.41 
17 50 2.98 4,35 lee 2 5 1.88 
ile 2.08 Cereal Som vee ee il 
19 1.91 Bc Lela IL 1s 1010 
20 2.1018 3.46 5k Log 2.00 
eal 1.59 2.585 He Ly 44 2eo 
ae Zee 52) ress, se! aol 
3 laa gal Sra al W303 1.98 AOS 
24 ileans 2.69 4.05 1.46 lS hie, 
eE5 2.08 3.75 4, 38 135) pols 
26 210 EDT aE | Siete. 1g Aue, ees 
eT er O10 Se 26) 4.07 2.06 2.24 


NC = not classified. 


Ay, 


a 
Cwto Oy Ol CxO PMO 6mMmlhlUE CONF. ON WD. OOF CFU 


NnW FP MYO UN UF OF NY 


i. 





APPENDIX B 


SUMMARY OF OBSERVED DATA FOR UNMOTIVATED GROUP 


Sinus Arrhythmia Heart Beat 
Subject eS? O8rmrmrmvmmm9m0OOnnnnwvwhwOWOO00OODn SO 
Rest 1 Bit. 2 Bit 3 Bit Rest 51 Bit 2210 wecebue 
il 261 oe 154 205 58 62 58 60 
2 274 142 108 174 69 78 74 78 
3 322 190 218 226 91 O7 92 or 
4 5S) 5 243 2 1af 156 91 oS 97 oo 
S 308 155 389 ZO ff 68 13 82 (eS 
6 eval 163 119 147 92 gy gy 92 
7 460 329 335 226 90 81 74 2 
8 354 cub 218 53 78 85 85 Qy 
9 137 158 169 153 74 80 76 78 
10 457 Ze 21g 25) re 78 ia 74 
ia 338 185 ae 81 76 87 89 or 
2 Tae 201 214 val 85 98 96 102 
13 230 O7 109 85 61 58 62 60 
14 216 192 alien 124 70 80 74 AS 
15 260 95 143 154 80 gy 82 79 
16 258 107 ely 114 84 89 82 83 
iL % 476 4YO1 274 285 76 88 84 85 
as) 299 317 243 340 99 Wil Thal 116 
19 128 Lae 125 147 6y 66 72 76 
20 134 137 112 135 82 82 79 82 
eu 282 165 159 265 76 86 87 82 
22: 175 116 222 113 81 83 83 86 
23 321 149 64 113 92 95 108 102 
2y 34 32 27 20° FAL iLL 110 Idi 
2 ike) 69 13 88 88 88 88 87 
26 191 307 174 191 83 89 89 82 
27 2b 12% 153 100 77 84 88 8 3 
28 323 170 202 151 #113 109 119 111 
2° Bae 24 3 162 105 101 112 1219) 120 
30 ecu 122 ig els 92 102 ioe 97 


30 





Information 
Processing Rate 


subject 
I leslie 
al 1.64 
2 We 
S 2.04 
y fle Go 
5 1S 
6 EA ee 
{i ro | 
8 ye 
9 ISS 
10 oS 
ita es 
2 Oe 
15 1.42 
14 Ble 
15 OS 
a6 Lee 
an oS 
18 ihe CO 
Ly, Ieee) 
20 ike 6 
21. eine 
22 vt it 
3 1.90 
a4 1.69 
aD 2.84 
26 1g is 
adi gee 
28 1.82 
29 iets 
30 Is 
ie = Moe classi Pree 


2} 


Bit 


sie 
. 89 
oe) 
44 
S16 
. 84 
- 90 
Se 
04 
pels 
28 
35 
~49 
24 
. 00 
J 22 
oul 
Oo 
42 
54 
as 
118 If 
. 84 
Bre) 
04 
736 
Tes 
yore 
528 
22 


Se) 


- WwW FWWwHwo Fo fF PF Fw Fw fF fF Fw fF FPWwWwow fF FF fF fF FF LF LS 


Bit 
41 
503 
245 
te: 
le: 
206 
vai 


60 


255 
sieia 
we 
he 
aul 
plea 
we 
229 
84 
14 
mle 
oo 
46 
geal 
er 
.34 
19 
-99 
-fl 
24 
. 89 
ee 


jb 


Scholastic ORR 


Undergrad 


eel 
1.90 
NA 
eet 
66 
Bie 
-53 
26 
~41 
caiie 
lye 
oe) 
00 
soe 
58 
46 
-59 
32 
oi) 
.O1 
ess 
09 
505) 
Sled 
noe 
. 06 
NA 


MPP PPP PP 


Tn Meh Mae ee ee ©. Meh 


NO 
\S) 
1S) 


2 (Olle 
1.89 


MW OO RM RP FP FP FPF NY YY YY VY FF PF 


mM PrP MB 


MH MON eR aie eS ie 


NPS" 


.64 
- 35 
“116 
»59 
. 06 
ike 
5 BID 
-35 
. 88 
5 {es 
94 
705 
SIL 
00 
mere: 
-53 
soe 
mG 


Group 


Tas 
Goes COs Oy ee OI) 


mM MW Sw Ww fF - 


NC 








ILO 


a. 


if . 


i): 


BIBltoG RAY 


Bell, D. A., Imformaticn Theory and 1ts Eni@imecircmae 
Appliieavdepsew oe lea e battman and Sens sien 
IMeleicloin. IG) oF 


Bowker and Leiberman, Engineering Statistics, Prentice- 


Hall Inc., Englewood Cliffs, N.d., 1960. 


Corday and Irving, Disturbances of Heart Rate, Rhythm 
amaeconduction, W. B. Saunders Company, Fi ladelpua.. 
1 Gale 


Create Sand Ciummings, “Slowing of the Heart at the Begin- 
ning of Exercise," Journal of Applied Physiology, 
v. 18, p. 353-356, 1961. 

Davies and Neilson, "Sinus Arrhythmia in Man at Rest," 


Journal of Applied Physiology, v. 22, p. 947-955, 
May 1967. 


Dixon, W. J., Biomedical Computer Programs, University 


of California Press, Los angeles, 1968. 


Dreifs, L. S., Cariac Arrhythmias, Lederle Laboratories, 
Pearl River, New York, 1966. 


Geayoald. Fo. A, erm Introduction to linear Statisvreat 
Models, Volume 1, McGraw Hill Book Company, Inc., 
New York, 1961. 


Heigwinatiie. GG. Ns oVm@@psis or Diseases of the Heawrmend 
Arteries, C.V. Mosby Company, St. Louis, 1944. 
heks, C. Rey Fundamenval Concepts in the Design or 


EXperumlenuc. HOly . nhinehary and Winston, imc os 
New York, 1965. 


Kalsbeek, J.W.H., "Measurement of Mental Work Load and 
of Acceptable Load: Possible Applications in 
industry, “International Journal of Produevion 
Research, Vv. 7, p. 33-45, 1966. 


Lown and Levine, Atrial Arrhythmias, Digitalis and 
Potassium, Appleton-Century Crofts Ine., New York, 
USES. 


Poock, G. K., “Prediction of Elemental Performance Using 


Personnel Selection Tests," Ph.D. Dissertation, 
University ef wicnican, l1°oo7. 


Be 





Pea oe pio s PEe ior 


Defense Documentation Center 
Cameron Station 
Alexandria, Virginia 22314 


Chief of Naval Personnel 
PERS-116 

Department of the Navy 
Weasouneeen, D.C. 20370 


Naval Postgraduate School 

Department of Operations Research and 
Administrative Sciences (Code 55) 

Monterey, California 93940 


Library, Code 0212 
Naval Postgraduate School 
Monterey, California 93940 


Associate Professor Gary K. Poock 

Department of Operations Analysis (Code 55Pk) 
Naval Postgraduate School 

Monterey, California 93940 


MAJ Robert E. Douglas 
318 Arloncourt Road 
Fort Ord, California 93941 


Department of Operations Analysis 
Department Library, Code 55 

Naval Postgraduate School 
Monterey, California 93940 


5.5) 


Copies 





UNCLASSIFIED 


Secunty Classification 















DOCUMENT CONTROL DATA-R&D 


(Security classification of title, body of abstract and 










indexing annotation must be entered when the overall report is classified) 
2@. REPORT SECURITY CLASSIFICATION 


INFORMATION PROCESSING, SINUS ARRHYTHMIA AND ACADEMIC ACHIEVEMENT 


1. ORIGINATING ACTIVITY (Corporate author) 


Naval Postgraduate School 
Monterey, California 93940 






3. REPORT TITLE 





4. DESCRIPTIVE NOTES (Type of report and, inclusive dates) 


Master's Thesis, March 19/72 


8. AUTHOR(S) (First name, middle initial, last name) 


Robert Edwin Douglas; Major, United States Army 





6. REPORT DATE 7a. TOTAL NO. OF PAGES 7b. NO. OF REFS j 
March 1972 3 les | 


§ 6a. CONTRACT OR GRANT NO. 9a. CRIGINATOR’S REPORT NUMBER(S) 





b. PROJECT NO. 


96. OTHER REPORT NO(S) (Any other numbers thet may be assigned 
this report) 


lg. 


110. OISTRIBUTION STATEMENT 


Peproved for public release; distribution unlimited. 


11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY 


Naval Postgraduate School 
Monterey, California 93940 


13. ABSTRACT 
| 


This experiment investigated the effect of motivation 
on sinus arrhythmia, heart beat, and information processing 
rate. The two way analyses of variance which were performed 
showed that motivation affected sinus arrhythmia and 
information processing rate and did not affect heart beat. 
A system was developed to classify the general patterns 
that resulted in the measure of sinus arrhythmia as infor- 
mation processing levels increased. This classification 


system may have eventual use in predicting a student's 
academic achievement. 


ad 


— Seon : ive PACE 1) OC 
D 1 NOV 1473 UNCEASo lL FIED 
S/N 0101-807-6811 34 


Security Classification 


~% oe LL. aa ae ek =x _ reer =" a = e - * = le 


A-31408 





UNCLASSIFIED 


Security Classification 


14. LINK A LINK B 
KEY WOROS 





SINUS ARRHYTHMIA 
INFORMATION PROCESSING 


HEART BEAT 


| mp 7O.1473 (aac) UNCLASSIFIED 
S/N 0101-807-6921 


35 Security Classification a= 3000 














~ 


| 6 SEP 72 21535 





Douglas 

Information process- 
ing, sinus arrhythmia 
and academic achieve- 
ment. 


thesD695 


1 i ll MH Hil | il | 


“Aaa KNOX LIBRARY’ 


it 








































































































